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Abstract
© 2018 American Physical Society. Heat capacity, thermal expansion, and magnetization of
ytterbium boride  YbB50  were  studied  at  temperatures  0.6-300  K,  5-300  K,  and  2-300  K,
respectively.  We  revealed  two  smooth  peaks  at  about  4.0  and  60  K  in  the  temperature
dependence of the heat capacity. A comparison with the heat capacity of the diamagnetic
isostructural boride LuB50 shows that these anomalies can be attributed to excitations in the
ytterbium sublattice (Schottky anomalies). A scheme for splitting of the ground F7/22 multiplet
of Yb3+ ions in the crystal field is proposed. Reliability of the proposed crystal-field energies of
the  Yb3+  ions  is  confirmed  by  the  analysis  of  temperature  dependencies  of  magnetic
susceptibility and magnetization in applied magnetic fields up to 55 kOe. A clear anisotropy of
the thermal expansion and a negative expansion within a wide temperature range (40-185 K)
were observed. Assuming that this  anomaly of  the thermal expansion in higher borides is
caused by the specific thermal evolution of a crystal lattice observed earlier, in particular, in
LuB50,  and  the  interaction  of  rare-earth  ions  with  lattice  strains,  we  have  determined
phenomenological Grüneisen parameters which characterize effects due to thermal transitions
of Yb3+ ions between the ground and excited states.  A phase transition of YbB50 to any
magnetically ordered state was not observed down to the lowest temperatures of experiments.
http://dx.doi.org/10.1103/PhysRevMaterials.2.054401
References
[1] V. I. Matkovich, R. F. Giese, and J. Economy, Z. Kristallogr. 122, 116 (1965). 10.1524/zkri.1965.122.1-2.116
[2] J. L. Hord and R. E. Hughes, in The Chemistry of Boron and its Compounds, edited by E. L. Muetterties (Wiley,
New York, 1967).
[3] R. Naslain, A. Guette, and P. Hagenmuller, J. Less Common Met. 47, 1 (1976). 10.1016/0022-5088(76)90066-7
[4] O. A. Golikova, Phys. Status Solidi 101, 277 (1987). 10.1002/pssa.2211010202
[5] D. Emin, J. Solid State Chem. 177, 1619 (2004). 10.1016/j.jssc.2003.12.017
[6] T. Mori, Handb. Phys. Chem. Rare Earths 38, 105 (2008). 10.1016/S0168-1273(07)38003-3
[7] T. Mori and T. Tanaka, J. Phys. Soc. Jpn. 69, 579 (2000). 10.1143/JPSJ.69.579
[8] K.  Flachbart,  S.  Gabani,  T.  Mori,  and  K.  Siemensmeyer,  Acta  Phys.  Pol.  A  118,  875  (2010).
10.12693/APhysPolA.118.875
[9] V. V. Novikov, D. V. Avdashchenko, A. V. Matovnikov, N. V. Moiseev, S. L. Bud'ko, and T. Tanaka, Physica B:
Condens. Matter 406, 2642 (2011). 10.1016/j.physb.2011.04.006
[10] V. V. Novikov, D. V. Avdashchenko, S. L. Bud'Ko, N. V. Mitroshenkov, A. V. Matovnikov, H. Kim, M. A. Tanatar,
and R. Prozorov, Philos. Mag. 93, 1110 (2013). 10.1080/14786435.2012.739291
[11] V. V. Novikov, N. A. Zhemoedov, A. V. Matovnikov, N. V. Mitroshenkov, B. G. Ueland, and S. L. Bud'ko, J. Alloys
Compd. 684, 714 (2016). 10.1016/j.jallcom.2016.05.113
[12] V. V. Novikov, N. A. Zhemoedov, N. V. Mitroshenkov, and A. V. Matovnikov, Dalton Trans. 45, 17447 (2016).
10.1039/C6DT02488B
[13] V. V. Novikov, N. A. Zhemoedov, A. V. Matovnikov, N. V. Mitroshenkov, B. I. Kornev, S. V. Kuznetsov, E. A.
Popova,  B.  G.  Ueland,  S.  L.  Bud'ko,  and  A.  K.  Tolstosheev,  J.  Therm.  Anal.  Calorim.  129,  15  (2017).
10.1007/s10973-017-6186-7
[14] O. Sologub, L. P. Salamakha, B. Stöger, P. F. Rogl, T. Mori, G. Eguchi, H. Michor, and E. Bauer, J. Solid State
Chem. 255, 172 (2017). 10.1016/j.jssc.2017.08.007
[15] V. V. Novikov, N. A. Zhemoedov, A. V. Matovnikov, N. V. Mitroshenkov, S. V. Kuznetsov, and S. L. Bud'ko, Dalton
Trans. 44, 15865 (2015). 10.1039/C5DT01406A
[16] J. N. Grima, V. Zammit, and R. Gatt, Xjenza 11, 17 (2006).
[17] V. V. Novikov, N. A. Zhemoedov, A. V. Matovnikov, N. V. Mitroshenkov, S. V. Kuznetsov, and S. L Bud'ko, J.
Magn. Magn. Mater. 449, 257 (2018). 10.1016/j.jmmm.2017.10.049
[18] V. V. Novikov, N. A. Zhemoedov, A. V. Matovnikov, N. V. Mitroshenkov, S. V. Kuznetsov, and S. L. Bud'ko, J.
Alloys Compd. 724, 782 (2017) 10.1016/j.jallcom.2017.07.125
[19] V. V. Novikov, N. V. Mitroshenkov, A. V. Matovnikov, D. V. Avdashchenko, S. V. Trubnickov, and A. V. Morozov, J.
Therm. Anal. Calorim. 120, 1597 (2015). 10.1007/s10973-015-4475-6
[20] V. V. Novikov, A. V. Matovnikov, T. A. Chukina, A. A. Sidorov, and E. A. Kul'chenkov, Phys. Solid State 49, 2034
(2007). 10.1134/S1063783407110029
[21] V. V. Novikov, A. V. Matovnikov, N. V. Mitroshenkov, and A. V. Shevelkov, J. Alloys Compd. 684, 564 (2016).
10.1016/j.jallcom.2016.05.235
[22] T. Mori and T. Tanaka, J. Alloys Compd. 348, 203 (2003). 10.1016/S0925-8388(02)00832-0
[23] N.  N.  Sirota,  A.  M.  Antjukhov,  V.  V.  Novikov,  and V.  A.  Fjodorov,  Cryst.  Res.  Technol.  17,  279 (1982).
10.1002/crat.2170170302
[24] N. N. Sirota, V. V. Novikov, and A. M. Antjukhov, Russian J. Phys. Chem. A 57, 542 (1983).
[25] A. Abragam and B. Bleaney, Electron Paramagnetic Resonance of Transition ions (Clarendon, Oxford, 1970).
[26] T. Mori, Z. Kristallogr. 221, 464 (2006) 10.1524/zkri.2006.221.5-7.464.
[27] A. Tari, The Heat Capacity of Matter at Low Temperatures (Imperial College Press, London, 2003).
[28] H. R. Ott and B. Lüthi, Phys. Rev. Lett. 36, 600 (1976). 10.1103/PhysRevLett.36.600
[29] R. L. Carlin, K. E. Merabet, and D. P. Shum, J. Appl. Phys. 67, 5855 (1990). 10.1063/1.345988
[30] C. R. Case, K. O. McLean, C. A. Swenson, and G. K. White, in Proceedings of the 1971 Thermal Expansion
Symposium, edited by H. C. Wolfe, M. G. Graham, and H. E. Hagy, AIP Conf. Proc. No. 3 (AIP, New York, 1972),
p. 183.
